Abstract-Indonesia is an archipelago located on three earthquake belts. Because of this, earthquakes can happen anytime and threaten human life. A quick and accurate early warning system using seismic wave data processing is required to decrease the number of victims affected by earthquakes. Here, ADXL335 accelerometers are used as seismic sensors with an Arduino minimum system. When the first earthquake vibrations occur, P-wave data detected by the ADXL335 sensor is successfully buffered, calibrated, transmitted and displayed on the server. In case of errors in the transmission, the server will request for retransmission. The alarm of the earthquake early warning system will be activated if at least three sensors from different locations successfully transmit P wave data on the same scale. This is needed to prevent fake seismic wave alarms.
INTRODUCTION
Indonesia is a confluence of three major tectonic plates, the Indo-Australian, Eurasian and Pacific tectonic plates. Around the meeting point, plate collision energy accumulates and when the layer of earth is unable to withstand more energy, it will release this energy through earthquakes (Primary wave and Secondary wave). Earthquakes have cost thousands of lives and property damage, thus, mitigation measures are necessary to reduce earthquake risks. The short time when the earthquake happens can be used to provide early warning to the community through the development of early warning systems based on the arrival of the P-wave, the first wave before the real earthquake happens (S-wave) [1] .
An earthquake early warning is personalized in alarm and running text executed on a sensor system. Preparedness and speed of response are necessary because of the time between sending information until the earthquake happens. The earlier information is provided, the more time for the population to respond.
Indonesia has seismograph earthquake sensors. Seismographs have sensitive instruments that can detect seismic waves generated by earthquakes. The seismic waves that occur during an earthquake are displayed as a wavy line on the seismogram.
With the evolution of IC technology, many microcontrollers are produced. The microcontrollers are equipped with internal memory blocks, accumulators, ALU, RAM, I/O ports and interrupt ports that support packages as a medium for reading, processing and writing data from and to other components. Thus, some microcontroller-based sensor systems are developed with a complete working principle1. One example of an integrated circuit developed with microcontrollers is Arduino.
There are three types of accelerometers: a single axis acceleration to detect the movement of an object in one direction, 2-axis acceleration to detect object motion in two directions and 3-axis acceleration to detect motion in three directions.
ADXL is a 3-axis accelerometer sensor with 3.3-volt analog input. There are several series of these accelerometers, including ADXL330, ADXL335, and ADXL345. The accelerometer has ± 3g sensitivity for each axis (x, y, z) and can be used to measure static and dynamic acceleration, object motion, collisions, and vibrations [2, 3] . This research aims to develop an earthquake early warning system using an ADXL335 accelerometer through several research problems, namely:
1. How to design an earthquake early warning system using the ADXL335 accelerometer;
2. How to calibrate the ADXL335 in order to obtain the reference as an indicator of the vibration;
3. How to transmit data from the sensor to the client and from the client to the server using a communication medium;
4. How to handle loss/error occurrences when data is sent to the server;
5. How to declare the earthquake early warning.
The research is expected to contribute to seismology by providing early warnings of earthquakes, machinery vibration analysis, object tilt and collision analysis.
II. SURVEY AND METHOD

A. Early Warning System
An early warning system is a series of systems to inform the public about the emergence of a natural event (natural signs). The early warning of a disaster is an act of providing information in easily understood language. In a critical condition, the manifestation of an early warning is alarming. The earlier information is submitted, the more time people have to respond and save their life.
Early warning information is obtained in two ways, conventional and modern. Conventionally, the disastrous introduction is done by the introduction of natural phenomena prior to the disaster, which is tailored to the characteristics of the disaster. In a modern way, the disastrous introduction is done by monitoring atmosphere activity periodically by satellite or high-tech equipment. People living in disaster-prone areas should be empowered and respond to natural disaster warning systems in order to reduce the number of victims [4, 5, 6] .
B. Seismic Waves
Seismic waves are waves that propagate inside or on the earth's surface from seismic sources such as earthquakes, volcanic eruptions, landslides, storms and pounding supersonic aircrafts. There are two types of seismic waves, i.e., primary waves (P) and secondary Waves (S). Primary waves occur during the initial vibrations and propagate longitudinally. Secondary waves propagate like waves of water that move up and down with a speed of about 4 km/sec and are slower than the primary wave. Secondary waves have large amplitude so they have the power to destroy buildings or cliffs [5] .
C. UDP Socket
The UDP socket is a connectionless and unreliable TCP/IP protocol. Connectionless means that data is sent without negotiating between two hosts; meanwhile, unreliable means that messages are sent unaccompanied by acknowledgments. Application layer protocol that works with UDP sockets must recover messages that are lost during transmission [7] . UDP have a 32-bit data format as indicated in Fig. 1 with a maximum data transfer of 65 KB per transmission. Figure 1 . UDP data format [7] III. DESIGN In general, the early warning system in this research provides information based on the primary waves data that is first received by the system so that rescue efforts can be started before the actual earthquake arrives (S-wave). P-waves propagate longitudinally and S-waves transversally. The arrival times of the S-waves typically range from seconds to minutes depending on sensor distance from the earthquake epicenter [5] .
The design of the earthquake early warning system consists of two parts, the base station, and the server. Both parts have two users with an identity and responsibility of observing data processing. Specifically, in the server, the user is authorized to confirm the truth of the early warning.
The base station consists of two parts and is placed near earthquake points, namely: 1) Seismic sensors that are placed on a cement floor and consist of Arduino as a minimum system, ADXL335 vibration sensor to detect vibration in 3 axes [2] , and EM411 as a position sensor to detect the distance from GPS satellites and convert it using the NMEA 0183 standard [8] . This is connected through I/O pins on each element on the Arduino equipped with a 32KB ATmega328 microcontroller, the block amplifier, and ADC to strengthen and convert data.
2) A client with a complete database system to accommodate all sensor data sent by the Arduino. The communication from earthquake sensors to the client uses 1.5 meters of USB cable.
The design of the base station can be seen in Fig. 2 and the full design of the sensor system is shown in Fig. 3 . The client is connected to a server using a 13.5 Mbps max internet connection without a barrier. The server is placed in a government building that handles seismic data. The server also has a database system that will accommodate data from all clients that are connected to it. The communication from the client to the server uses a UDP socket to accelerate data transmission. The data format of the system is 32 bits because the architecture of the microcontroller supports this format. The design of the earthquake sensor system consists of hardware and software. The hardware design includes interconnection sensors to the Arduino, the Arduino to the client and the client to the server.
The software design includes communication data sensors (AXL335, EM411) to the Arduino, the Arduino to the client, and the node to the server. The process of the communication sensor to the Arduino is shown in Fig. 4 .
Two data are taken from the sensor, namely position data from the EM411 and vibration data (x, y, z) from the ADXL335. First, the Arduino takes position data and places it into a port and second, the Arduino takes vibration data (x, y, z) and stores it in a buffer for calibrating.
The Arduino will calibrate data in a buffer with specified zero_G and scale values. Zero_G is the axis value when the sensor is in a stationary position without being reversed and the scale is the average change on each axis. Based on calculations, the zero_G values are 384, 383 and 473 for each axis and the scale is 102.3. One vector formula is used to generate x, y, z voltage and Acceleration (A) [9, 10] . Calculations show that if there is no vibration, the ADXL335 gives the voltage values 0.000, 0.000, 0.000 for the x-axis, y-axis and z-axis and Acceleration of 0.000. Vx-axis, Vy-axis, and Vz-axis values are used as reference for chart display, Vy-axis value and its changes as a reference for determining the scale when an earthquake occurs. When there is no vibration, the 3-axis voltage value will stabilize at the calibration value but in case of a trigger (vibration), the voltage value will be changed.
A communication client-server is designed with UDP socket protocol in MYSQL. This protocol is selected because it is faster and does not require back and forth handshake [6] .
Data is sent as serial start with latitude, longitude, x-axis, yaxis and z-axis with maximum data 216-1 -20 byte header -8 byte UDP header = 65535 bytes (65 KB) for every transmitter. The client and server use local IP with port 3306, which supports MYSQL.
Handling of loss/error data is designed in two phases, detection and error correction. The detection phase is performed by comparing vibration data and its duplicate. If the data is the same, the true status will appear on the web. Only if one is empty, the condition of data loss appears. The correction phase is performed by requiring the client to resend the correct information. The server needs three vibration values from the three sensors at different locations. Each sensor sends vibration data (x-axis, y-axis, and z-axis) to the database and the server will check and match the first vibration data on a specified scale range. If all sensors give the same scale, the server will declare the earthquake early warning and activate the alarm. This method is used to avoid fake signals.
The scales that are used to determine the early warning system are indicated in Table I . IV. RESULT AND DISCUSSION With 1.5 meters USB cable, the earthquake sensor is connected to the client. After the client is turned on, the Wi-Fi will be active. The earthquake sensor connection with other devices is shown in Fig. 6 and 7. However, from characteristics of the ADXL335, Noise Density for the X-axis, and Y-axis is 150μm and for the Z-axis is 300 μm [2] , so the Peak Noise Density for the X-axis and Y-axis are 0.084 and 0.064 for the Z-axis. This is still under Peak Noise Density. Thus, when there is no vibration no data is taken. The next test involved shaking the sensor to ensure that the communication process among the sensors, the Arduino, the client and the server are correct and vibration graphs appear. The result shows that vibration data are successfully sent to the client every 0.01 second and protocol functions are successful. Next, the first vibrations data is successfully sent to the server every 0.01 second and displayed in a graph as in Fig. 8 and 9 . In case of a loss/error data event, the server will display the loss status on the web and the error will be repaired after the client resends the correct data.
On the server, the earthquake early warning status is active with the reference of the first vibration data from three different base stations. The first vibration data is P-wave data. This data will be stored in the database. The server does not directly declare the warning status because it has to wait for the P-wave data from two other base stations. A three seconds time delay is given to adjust the data with the other sensors. If the data from two other sensors show P-wave values with the same scale, then the server will give an early warning and activate the alarm. However, if one of the sensors provides different data, then the server assumes nothing happened. The total time for sending the first vibration data from the sensor to the server and activation of the alarm is 0.01s + 0.01s + 0.01s + 3 s = 3.03 s.
The location of all sensors on a map is shown in Figure 10 . When the sensors indicate a warning, the marker will be red but they will be green if there is no vibration. An earthquake early warning system can be developed with the ADXL335 accelerometer and an Arduino UNO system. The first vibration data can act as reference of a primary wave. The calibration process is done by taking the 3-axis values of the ADXL335 in a condition of no vibration. The 3-axis values are processed with other variables in the database. The communication from the sensor to the client is performed with a USB cable and from the client to the server by internet using the UDP protocol. The handling of loss/error involves detection and correction. The error detection is done by duplicating data before sending an error correction is done by asking the client to resend the correct data. An earthquake early warning will be declared if three base stations (sensors) send first vibration data (P-wave) with the same scale.
When the first vibrations are detected, this system only needs 3.03 seconds to activate the early warning status and turn the alarm ON. This time is measured in the following conditions: the connection of the sensor to the client using a 1.5-meter USB cable and connecting the client to server using a 13.5 Mbps speed internet network.
